The effects of mastectomy and unilateral ovariectomy and their interaction during the postpartum poeriod were examined in 26 Angus heifers. At birth, the animals were assigned to a 2 • 2 factorial arrangement of treatments: mastectomy and unilateral ovariectomy, mastectomy, unilateral ovariectomy and unoperated suckled control. Surgeries were performed at approximately 2 months of age, and animals were observed through three consecutive postpartum intervals (PP1, PP2 and PP3). There were no significant influences of mastectomy or ovariectomy on age at puberty, age at first conception or services required for first conception. Mastectomy reduced the number of days from parturition to ovulation (PP1, 32.1 vs 52.5, P<.01; PP2, 21.6 vs 59.9, P<.01 ; PP3, 20.6 vs 46.7, P<.01). The interval from parturition to first estrus was shorter for heifers in the mastectomized group (PP1, 45.3 vs 76.2, P<.05; PP2, 28.7 vs 69.9, P<.01; PP3, 32.4 vs 62.3, P<.05), as was the interval from parturition to conception during PP2 (60.0 vs 104.9, P<.05). The interval between calvings was shorter for heifers in the mastectomized group than for controls, but the difference was significant only between the second and third parturitions: 338.5 vs 399.2 (P<.01). Mastectomy reduced the standard deviation for the interval between parturition 2 and parturition 3 (55.9 vs 15.9; P<
Introduction
The inhibitory relationship between the mammary gland and reproductive function has been documented in many species. Graves et al. (1968) reviewed the influence of lactation on postpartum reproductive performance and noted that suckling inhibited the postpartum return to estrus.
Level of nutrition also influences postpartum reproduction, although the effect of suckling is independent of the nutritional effect. Short et al. (1972) controlled postpartum gain in both suckled and nonsuckled beef cattle and found that even though suckled animals gained 12 kg and nonsuckled animals lost 20 kg, the suckled animals still took more time to return to postpartum estrus (65 days vs 25 days).
In the same study, Short et al. (1972) tested the hypothesis that the presence of the lactating mammary gland itself might retard return to estrus after parturition. Mastectomized animals returned to estrus within 12 days, compared with 25 days for the nonsuckled animals and 65 days for the suckled animals.
Fertility at first postpartum estrus was related to the interval from parturition to estrus in cattle (Saiduddin, 1968) . Olds and Cooper (1970) reported that breeding of cows 1 day earlier in the postpartum period resulted in a .9-day shorter calving interval.
The interval from parturition to uterine involution may be shortened by suckling. reported that beef cows exhibited shorter intervals to uterine involution when suckling was permitted. 171 JOURNAL OF ANIMAL SCIENCE, Vol. 53, No. 1, 1981 England (1971) found that the interval from parturition to first ovulation was shortened in unilaterally ovariectomized cattle when surgery was performed 5 days postpartum. He also found a significant interaction between the effect of suckling and unilateral ovariectomy. Unilateral ovariectomy shortened the interval to the first postpartum estrus, and compensatory ovarian hypertrophy was observed in suckled animals, while, in nonsuckled animals, unilateral ovariectomy did not further shorten the already short interval.
The present experiment was designed to Study the effects of long-term unilateral ovariectomy and mastectomy and their interaction on reproductive function. Removal of the mammary gland would eliminate the influences of variable levels of milk production and frequency of nursing on postpartum reproduction. The removal of one ovary would cause ovulation to occur constantly epsilateral to the side of previous pregnancy. It was hypothesized that these treatments would influence both the average and the variability of measures of reproductive performance. Removal of the mammary would remove its inhibitory influence and eliminate variability due to intensity of suckling and amount of milk production. Unilateral ovariectomy would result in shorter intervals to estrus and decrease variability due to effects of the gravid horn on the ovary.
Materials and Methods
Twenty-eight Angus and Angus crossbred heifers were assigned at birth, in replicates, to four treatment groups in a 2 • 2 factorial experimental design. The treatments were: mastectomy-unilateral ovariectomy (MO), mastectomy-no ovariectomy (M), no mastectomy-unilateral ovariectomy (O) and nonoperated control (C).
Surgeries were performed before the animals reached 2 months of age. The mammary gland and fat pad were removed from each heifer. Ovaries were removed by midventral incision. One heifer in the MO group died after surgery, and another in the M group was slaughtered as a nonbreeder after she failed to conceive following seven inseminations.
Animals were maintained in drylot during winter, but were grazed on permanent pasture and harvested corn fields when available'. A vasectomized bull was kept with the animals to facilitate estrus detection. Cows were observed for signs of reproductive activity twice daily and were considered to be in heat only if they stood for mounting by the bull or another female. Heifers were bred artificially at first estrus after 15 months, and at every estrus thereafter, with Angus bull semen from a single ejaculate. Animals were observed for three consecutive postpartum intervals until they were pregnant with their fourth calves. Heifers were palpated each week starting 14 to 21 days postpartum for determination of uterine involution, the presence of a corpus luteum (CL) and pregnancy. Uterine involution was determined by the position, size and tonicity of the uterine horns.
Traits observed before first calving were age at puberty, length of estrous cycle and age at conception. Traits observed during and after the first, second and third parity were gestation length, age at calving and intervals from parturition to uterine involution, ovulation, estrus and conception. Calving interval, fertility at first service and incidence of silent ovulation were also considered.
One animal in the M group and one in the O group experienced late-term abortions during their pregnancy and were eliminated from the project. Cows in the suckled group that lost their calves at birth or before first estrus were excluded from the analysis since they were not suckled. Calves were removed from the M and MO cows at birth.
Statistical Procedures. Data were analyzed by the method of weighted squares of means. Orthogonal comparisons were MO + M versus O + C, MO + O versus M + C and MO + C versus M+O.
Means, ranges and standard deviations were computed and tested for heteroscedasticity of variance as described by Steel and Torrie (1960) . When appropriate, data were transformed to approximate a normal distribution.
An analysis of variance within parity was performed according to a simple 2 x 2 factorial design by the system of unweighted squares of means described by Steel and Torrie (1960) . A split-plot-in-time analysis was then performed to determine differences between parities; this analysis was carried out according to the procedures of the Statistical Analysis System of Barr and Goodnight (1972) .
To determine whether removal of the mammary gland and one ovary significantly reduced variability, simple one-tailed F tests between the variances of the MO group and the control group were performed for each observed trait. 
Results

Prepartum Reproductive
Traits. Age at puberty, age at first conception and number of services required for first conception are listed in table 1. Differences in these traits and in length of estrous cycle from puberty to conception were not significant. There was no instance of estrus unaccompanied by ovulation.
Postpartum Reproductive
Traits. There were no significant differences among groups in fertility at first service during any of the postpartum periods, nor were there any differences when data were combined for all periods (52, 63, 28 and 31% for the C, O, M and MO groups, respectively). The tendency toward lower fertility among animals in the two mastectomized groups was probably associated with the early return to estrus.
The split-plot analysis of variance indicated an effect of mastectomy (P<.01) on the interval from parturition to ovulation, but no influence of unilateral ovariectomy. Parity influenced (P<.01) the interval to ovulation, primarily because of a longer interval to first estrus during the first postpartum period.
The average interval from parturition to first ovulation for all animals was 42.7 days for calving 1, 33.3 days for calving 2, and 33.7 days for calving 3. Interval from parturition to first estrus was shortened (P<.01) by mastectomy. Interval from parturition to conception was also influenced (P<.01) by mastectomy.
The interval from calving to uterine involution was longer after successive calvings for the unilaterally ovariectomized females, giving rise to a significant ovariectomy • parity interaction.
The hypotheses that removal of two sources of variation, the mammary gland and one ovary, would reduce the variability in reproductive traits was tested by comparing MO females with intact animals. Interval from parturition to conception was less variable (P<.01) during the first postpartum period, and tended to be less variable during the second and third periods, as well. Interval from parturition to first ovulation and first estrus was less variable (P<.05) during the second postpartum period, but no consistent reduction was observed. Calving interval was less variable (P<.01) in the MO group than in group C after the second calving, but, again, the pattern was not consistent from one calving to another. Short et al. (1972) reported intervals of 25 and 12 days from parturition to ovulation for nonsuckled cows and cows mastectomized before 150 days of gestation. We observed intervals of 32, 22 and 21 days after the first, second and third calvings for females mastectomized as calves. Since no nonsuckled group was included in this experiment, it was impossible to estimate the interval from parturition to ovulation for such animals. Short et al. (1972) observed no silent ovulations among the animals they studied, in contrast to the findings of Graves et al. (1968) , Saiduddin et al. (1968) and Oxenreider and Wagner (1971) . Several instances of "silent" ovulations were observed in this study, but there were no significant differences in the incidence between groups.
Discussion
Mastectomy shortened the interval from parturition to first estrus, although, in most cases, interval from parturition to estrus differed from interval from parturition to ovulation because of the incidence of "silent" heats. The study of Short et al. (1972) , indicating that interval from parturition to first ovulation was shorter for mastectomized than nonsuckled animals, tended to suggest that the presence of the mammary gland itself somehow inhibited reproductive activity, either through neural stimulation, secretion of an inhibitory substance or the hormonal milieu of the animal. The present study did not show extremely short intervals from parturition to first ovulation. Therefore, the question remains whether the absence of the mammary gland reduces postpartum interval to first ovulation to a greater degree than does nonsuckling.
Mastectomy also tended to shorten the interval from parturition to conception, although the effect was significant only during the second postpartum period. Even though fertility during the early postpartum period was low, animals that began cycling soon after parturition tended to conceive earlier than those in which first estrus was delayed.
Interval from parturition to uterine involution differed between groups during the second postpartum interval. The MO animals experienced an extremely long interval from parturition to uterine involution. Effects of both mastectomy and unilateral ovariectomy were observed (P<.01). The split-plot-in-time analysis revealed that animals continually pregnant in the same uterine horn required more time before involution occurred.
In general, this study supports the relationship of the mammary gland to reproductive activity in the beef animal. The unilaterally ovariectomized animals did not differ from the intact animals in interval from parturition to ovulation, estrus or conception. Ovarian hyperactivity had occurred to the point that one ovary functioned as well as two. The interval observed by England (1971) was not observed in this study. Since England (1971) performed unilateral ovariectomies 5 days postpartum, the interval may have been a short-term effect caused by readjustment of the internal milieu. In this study, because surgeries were performed during calfhood, animals became puberal functioning with a single ovary. They had ample time to adjust to the hormone levels provided by one ovary.
Some reduction in variability in the MO group was observed. This reduction may not have been consistent enough to warrant the use of the MO animal as a research model.
